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ABSTRACT
Background The mucoactive effects of hypertonic
saline should promote exacerbation resolution in people
with cystic ﬁbrosis (CF).
Objectives To determine the effects of hypertonic
saline inhalation during hospitalisation for exacerbation
of CF on length of stay, lung function, symptoms,
oxygenation, exercise tolerance, quality of life, bacterial
load and time to next hospitalisation.
Methods 132 adults with an exacerbation of CF were
randomised to inhale three nebulised doses a day of
either 4 mL 7% saline or a taste-masked control of
0.12% saline, throughout the hospital admission. The
primary outcome measure was length of hospital stay.
Results All participants tolerated their allocated saline
solution. There was no signiﬁcant difference in length of
stay, which was 12 days in the hypertonic saline group
and 13 days in controls, with a mean between-group
difference (MD) of 1 day (95% CI 0 to 2). The likelihood
of regaining pre-exacerbation FEV1 by discharge was
signiﬁcantly higher in the hypertonic saline group (75%
vs 57%), and the number needed to treat was 6 (95%
CI 3 to 65). On a 0–100 scale, the hypertonic saline
group had signiﬁcantly greater reduction in symptom
severity than the control group at discharge in sleep
(MD=13, 95% CI 4 to 23), congestion (MD=10, 95%
CI 3 to 18) and dyspnoea (MD=8, 95% CI 1 to 16). No
signiﬁcant difference in time to next hospitalisation for a
pulmonary exacerbation was detected between groups
(HR=0.86 (CI 0.57 to 1.30), p=0.13). Other outcomes
did not signiﬁcantly differ.
Conclusions Addition of hypertonic saline to the
management of a CF exacerbation did not reduce the
length of hospital stay. Hypertonic saline speeds the
resolution of exacerbation symptoms and allows patients
to leave hospital with greater symptom resolution.
Trial registration number ACTRN12605000780651.

INTRODUCTION
Cystic ﬁbrosis (CF) is the most common lifeshortening genetic disease in Caucasians. It is characterised by abnormal airway ion transport, which
dehydrates the airway surface, impairing the clearance of airway secretions by cough and mucociliary
clearance.1 The retention of airway secretions predisposes the patient to chronic lung infection,
which leads to progressive lung damage and eventual respiratory failure. The progression of this pulmonary disease is characterised by irregular, acute

Key messages
What is the key question?
▸ Does hypertonic saline reduce length of stay, is
it tolerable and does it hasten recovery if used
during an exacerbation of cystic ﬁbrosis lung
disease?

What is the bottom line?

▸ For adults with cystic ﬁbrosis during
hospitalisation for an exacerbation, nebulised
hypertonic saline does not reduce length of
stay, but is tolerable, reduces symptom severity
more rapidly and increases the likelihood of
regaining pre-exacerbation lung function by
discharge.

Why read on?

▸ This paper describes a hypertonic saline
regimen that was tolerated during an
exacerbation by both naïve and experienced
users of hypertonic saline. Despite no
statistically signiﬁcant reduction in the primary
outcome of length of stay, secondary beneﬁts
in exacerbation symptom resolution were
demonstrated.

increases in pulmonary symptoms termed exacerbations, which are partly reversible.2 Exacerbations
present clinically as deterioration in spirometry,
cough, sputum production, dyspnoea, energy and
appetite. In people with CF, long-term decline in
respiratory function3 and exacerbation frequency4
predict mortality. Long-term lung function decline
is slowed if pulmonary exacerbations are identiﬁed
early and treated thoroughly to restore preexacerbation status.3 5 Exacerbations also reduce
the quality of life (QoL) of people with CF by
reducing exercise capacity and disrupting school
and work.6
In the short term, hypertonic saline (HS)
improves the rheological properties and transportability of sputum, hydration of the airway surface,7
mucociliary clearance and lung function in people
with CF.8–10 Long-term use of HS improves lung
function, QoL and ease of expectoration.11
Long-term HS treatment also shifts Pseudomonas
aeruginosa subpopulations in the CF lung away
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Cystic ﬁbrosis
Quinine sulfate was used to disguise the difference in taste
between hypertonic and control saline solutions, as successfully
done in long-term trials of HS11 and other inhaled agents22 for
people with CF, with no adverse side effects reported.
Participants were instructed to use their usual bronchodilator as
premedication before the ﬁrst dose of their allocated saline solution. Participants who did not usually use a bronchodilator premedicated with 2×100 μg salbutamol sulfate via a metred dose
inhaler (Glaxo Smith Kline, Australia) and a Volumatic spacer
device (Glaxo Smith Kline, Australia). Change in FEV1 from
before to after the ﬁrst dose of bronchodilator and allocated
saline solution was measured to ensure that any fall was <15%,
brief and not associated with oxygen desaturation <90%.11

Usual care provided to both groups

The
trial
protocol
was
prospectively
registered
(ACTRN12605000780651) and approved by the ethics committee at each site. Written, informed consent was obtained from
all participants. Some study results have been reported in
abstracts.16 17

Upon admission to hospital, a daily routine of airway clearance
physiotherapy and allocated saline solution was established by a
blinded, experienced physiotherapist. The techniques were
chosen for each participant according to perceived efﬁcacy and
participant preference and aligned with the recommended application of the selected techniques.23 All participants received
intravenous antibiotic therapy decided by a blinded physician,
review by a dietician, and other inhaled and oral therapies, as
applicable. The day of discharge was decided based on lung
function and symptoms (rather than a ﬁxed duration of antibiotic therapy) by the usual CF physician who was blinded to
the participants’ group allocation.

Study design

Outcomes

This randomised, placebo-controlled, parallel-group study compared nebulised 7% HS with a control of 0.12% saline, inhaled
three times a day throughout a hospital admission for pulmonary exacerbation in adults with CF. The concealed randomisation process used minimisation to adaptively balance the active
and control treatment allocations at each enrolment site. This
process also ensured that randomisation was stratiﬁed for
DNase use, FEV1 (≥/<50% predicted on admission), gender
and fall in FEV1 (≥/<25% fall from best outpatient FEV1 in the
past 6 months). All participants, clinicians and investigators
remained blinded to treatment group allocation throughout the
study.

The primary outcome was length of hospital stay in days.
Secondary outcomes were the rate of change in lung function,
measured as FEV1 and FVC via spirometry daily; symptom
scores, measured on a 100 mm Visual Analogue Scale (VAS)
daily; oxygenation, measured by pulse oximetry daily; exercise
tolerance, measured by the modiﬁed shuttle test (MST-25)24 on
admission and day 7; QoL, measured via the generic Medical
Outcomes Survey Short Form 36 (SF36)25 and the diseasespeciﬁc Cystic Fibrosis Questionnaire (CFQ)26 on admission,
day 7 and discharge; bacterial load, measured with quantitative
microbiology on admission and day 7; and time to next hospitalisation for a pulmonary exacerbation, with minimum follow
up of 1 year. Tolerability of the interventions was also assessed
using a tolerability test on the ﬁrst dose (described above) and
adverse events.

METHOD

Participants
Adults with CF were recruited from Royal Prince Alfred
Hospital, Westmead Hospital and John Hunter Hospital in New
South Wales, Australia. Enrolment of participants occurred
within 24 h of hospital admission. Inclusion criteria were a conﬁrmed diagnosis of CF and admission for management of a pulmonary exacerbation (deﬁned as at least 4 out of 12 criteria
used by Fuchs et al18), for a minimum of 7 days. Exclusion criteria were major haemoptysis within the past year (>250 mL in
24 h); thrombocytopenia ( platelets <150×109/L); allergy to
quinine sulfate; glucose 6-phosphate dehydrogenase deﬁciency;
immune thrombocytopenic purpura; pregnancy; breastfeeding;
Burkholderia cepacia or mycobacteria ever isolated from the
sputum; or lung transplant.

Interventions
Participants were randomly allocated to inhale either 4 mL 7%
HS or 0.12% saline, three times a day via a jet nebuliser (Pari
LC Star, Hamburg, Germany), throughout their hospital admission. Isotonic saline is an established control inhalation in clinical trials of HS.1 11 19 20 Concentrations of 0.9% and 0.12%
isotonic saline have a similar impact on mucociliary clearance.21
142

Data analysis
Assuming a mean length of stay of 15 days (SD 4.2), 132
patients provide 83% power to identify a 2-day reduction in
length of stay as statistically signiﬁcant. All analyses were by
intention to treat. Time to next exacerbation was analysed as a
HR calculated from Kaplan–Meier survival curves. Daily lung
function, symptom severity and oxygenation were each analysed
by mixed-model analysis with adjustment for baseline and no
assumption of linearity. The mixed-model analyses used data
from the ﬁrst 10 days of hospitalisation because substantial
numbers of participants began to be discharged thereafter.
Restoration of pre-exacerbation FEV1 was deﬁned dichotomously as reaching or exceeding the best recorded outpatient
FEV1 in the 6 months before the exacerbation and analysed
using relative risk. Other outcomes were compared using t tests
after conﬁrmation of normal distributions. Wherever possible,
the statistical signiﬁcance and precision of between-group comparisons were reported with 95% CIs. Tests for interaction
effects were conducted to determine whether use of HS before
Dentice RL, et al. Thorax 2016;71:141–147. doi:10.1136/thoraxjnl-2014-206716
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from mucoid variants, which are strongly associated with
increased morbidity, to non-mucoid strains.12 Also high salinity
may affect P. aeruginosa motility13 and the viability of the
mucoid subpopulation in bioﬁlms.14
After clinical beneﬁts from HS were established,9 11 some
clinicians elected to continue (or introduce) HS during an
exacerbation, with the intention of shortening the exacerbation;
promoting full restoration to pre-exacerbation status; and minimising the duration for which intravenous antibiotics are
required, to discourage the development of resistant organisms.
However, HS was known to induce cough and airway narrowing in some stable patients.8 11 15 In view of this, some patients
and/or clinicians elected to stop (or not introduce) HS inhalations during an exacerbation.
Therefore, this study was designed to examine the equipoise
regarding whether HS is harmful or beneﬁcial during standard
inpatient management of a pulmonary exacerbation in adults
with CF, with respect to tolerability, length of hospital stay
( primary outcome), rate of resolution of clinical signs and symptoms of the exacerbation and time to next exacerbation.

Cystic ﬁbrosis

RESULTS
The ﬂow of participants through the study is shown in ﬁgure 1.
Enrolment began in December 2005 and was completed in
6 years, during which standard care did not substantially
change. Follow-up of hospital readmissions ﬁnished in February
2013.
The baseline characteristics of participants are shown in table 1.

Tolerability and adherence
No participants had an acute fall in either their FEV1 of >15%
or oxygen desaturation after their ﬁrst dose of saline with salbutamol before treatment. Participants reported mild and transient
increases in cough and wheeze that resolved within 15 min of
inhalation. Median adherence to the inhalations was 100% in
the HS group and 98% in the control group. Only 6% of the
HS group and 14% of the control group were <75% adherent
to the allocated study inhalation. No serious adverse events
occurred.

On the day of hospital discharge 57% of participants in each
group correctly identiﬁed their allocated trial solution.

Primary outcome
Length of stay was 12 days in the treatment group and 13 days
in the control group, with a mean difference of 1 day (CI 0 to
2), p=0.07. The mean estimate of 1 day is below the 2-day difference nominated in the sample size calculation.

Secondary outcomes
Lung function
Both groups showed a steady improvement in lung function
throughout their hospital admission. The HS group had a signiﬁcantly higher FEV1 than the control group during the ﬁrst
10 days of the hospital admission; mean difference 172 mL (CI
42 to 301), ﬁgure 2. At discharge, the difference in FEV1
between the groups was similar in magnitude but was not statistically signiﬁcant. However, FVC was signiﬁcantly higher in the
HS group; mean difference 160 mL (CI 0 to 320), ﬁgure 3.
Participants were signiﬁcantly more likely to have returned to
their pre-exacerbation FEV1 at discharge in the treatment group
(75%) than the control group (57%), table 2. The relative risk
presented in the table equates to a number needed to treat of 6
(CI 3 to 65).

Symptoms
Success of blinding
After inhalation of the ﬁrst dose of their allocation saline solution, 46% of participants in the HS group and 42% in the
control group correctly identiﬁed their allocated trial solution.

On the mixed-model analyses of the symptom severity data
(recorded daily on a 100 mm scale throughout the hospital
admission), the HS group had signiﬁcantly greater improvement
than the control group in sleep disturbance by 15 mm (CI 6 to
23), chest congestion by 9 mm (CI 4 to 14) and dyspnoea by
6 mm (CI 1 to 12). The improvement favoured the treatment
group for fatigue by 8 mm (CI 0 to 15) and cough by 6 mm (CI
0 to 11). At discharge, compared with the control group, the
treatment group had signiﬁcantly less severe sleep disturbance

Table 1 Demographic and clinical characteristics of the 132
participants on admission
Characteristics
Age (years)
Gender, n female (%)
BMI (kg/m2)
FEV1 (% predicted)
FVC (% predicted)
FEF25–75 (% predicted)
Fall in FEV1 with exacerbation
from best outpatient value in the
past 6 months (% fall)
>25% fall in FEV1 with
exacerbation, n (%)
Exacerbation score (/12)
Modified shuttle test (metres)
Regular rhDNase use, n (%)
Regular HS use, n (%)
Intermittent HS use*, n (%)
No or minimal HS use, n (%)

Figure 1 Screening, enrolment, randomisation and participation of
subjects. aExcept exercise capacity (day 7 only) and sputum
microbiology and quality of life (day 7 and discharge only). CF, cystic
ﬁbrosis.
Dentice RL, et al. Thorax 2016;71:141–147. doi:10.1136/thoraxjnl-2014-206716

Hypertonic saline
(n=67)
28±9
35
21±3
49±22
70±21
24±20
18±16

(17–62)
(52)
(15–32)
(10–94)
(25–118)
(2–96)
(8–63)

18 (27)
7±2
737±354
37
14
26
27

(4–11)
(30–1500)
(55)
(21)
(39)
(40)

Control
(n=65)
27±9 (18–63)
30 (46)
21±3 (15–29)
47±19 (16–88)
67±19 (26–110)
21±16 (3–88)
18±15 (19–59)

15 (23)
7±1 (4–10)
726±266 (270–1390)
39 (60)
11 (17)
28 (43)
26 (40)

Values are mean±SD (range), or number and percentage of participants.
*Intermittent use is defined as use only when unwell or self-reported variable
compliance.
BMI, body mass index; FEF, forced expiratory flow, % predicted ERS/Zapletal; HS,
hypertonic saline; rhDNase, recombinant human dornase α.
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the exacerbation inﬂuenced the amount of beneﬁt from HS
during the hospitalisation on the following outcomes: length of
stay and failure to regain pre-exacerbation FEV1. For these subgroup analyses, previous use was deﬁned as regular or intermittent use.

Cystic ﬁbrosis

Characteristic
Failed to regain
pre-exacerbation FEV1 by
discharge, n (%)

Hypertonic
saline
(n=67)

Control
(n=65)

Relative risk
(95% CI)

17 (25)

28 (43)

0.59 (0.36 to 0.96)

Pre-exacerbation FEV1 is defined as the best forced expiratory volume in 1 s recorded
as an outpatient in the 6 months before the exacerbation.

Figure 2 Mixed-model analysis for change from baseline in FEV1 for
day/group interaction. Mean difference during admission to day 10 was
172 mL (CI 42 to 301). Mean difference at discharge was 170 mL (CI
−70 to 410). Daily means and SEs are shown. DC, discharge; HS,
hypertonic saline.
by 13 mm (CI 4 to 23), chest congestion by 10 mm (CI 3 to 18)
and dyspnoea by 8 mm (CI 1 to 16). The daily VAS for chest
congestion is illustrated in ﬁgure 4.

Oxygenation and exercise capacity
Both groups showed steady improvement in oxygenation
throughout the admission, with no signiﬁcant difference
between the groups on the mixed-model analysis (not shown).
Similarly, exercise capacity improved substantially in both
groups between admission and day 7, with no signiﬁcant difference between the groups, table 3.

sample at baseline for analysis). Both groups had participants
who were positive for P. aeruginosa on admission who were negative on day 7: 10% in the hypertonic and 6% in the control
group. Clearance of S. aureus was higher in both groups: 25% in
the hypertonic group and 24% in the control group. These data
are summarised in table 3.

Time to next hospitalisation for a pulmonary exacerbation
No signiﬁcant difference in time to next exacerbation requiring
hospitalisation was detected between groups; HR=0.86 (CI
0.57 to 1.30), ﬁgure 5.

Tests for interaction effects
The tests for interaction effects due to pre-exacerbation use of
HS were non-signiﬁcant: p=0.06 for length of stay and p=0.42
for failure to regain pre-exacerbation FEV1.

DISCUSSION
Quality of life

Both groups showed a reduction in the density of both P. aeruginosa and Staphylococcus aureus between hospital admission and
day 7 (in the participants who were able to provide a sputum

The inhalation of HS three times daily during hospitalisation
for an acute pulmonary exacerbation in adults with CF did not
have a signiﬁcant impact on hospital length of stay compared
with the inhalation of control saline. The HS group remained in
hospital for a mean of 12 days (SD 3.3) compared with the
control group who remained in hospital for a mean of 13 days
(SD 3.1): mean difference 1 day (95% CI 0 to 2); p=0.07. In
this trial, the standard care received by both groups included
intravenous antibiotics and multidisciplinary management by a
CF team. This effective regimen makes it difﬁcult for any additional treatment to produce further beneﬁts.
The inhalation of HS was well tolerated in the presence of an
acute exacerbation of CF lung disease. Despite the addition of

Figure 3 Mixed-model analysis for change from baseline in FVC for
day/group interaction. Mean difference during admission to day 10 was
66 mL (CI −56 to 188). Mean difference at discharge was 160 mL (CI 0
to 320). Daily means and SEs are shown. DC, discharge; HS, hypertonic
saline.

Figure 4 Mixed-model analysis for change from baseline in chest
congestion (Visual Analogue Scale in mm) for day/group interaction.
Mean difference during admission to day 10 was 9 mm (CI 4 to 14).
Mean difference at discharge was 10 mm (CI 3 to 18). Daily means and
SEs are shown. DC, discharge; HS, hypertonic saline.

Comparison of group means for relevant domains of the SF36
and CFQ were made at day 7 and at discharge with t tests
adjusted for baseline covariates and Bonferroni corrected. No signiﬁcant differences between the groups were identiﬁed, table 3.
The change from baseline in the physical domain of the SF36 at
day 7 and discharge was the only QoL domain to demonstrate a
trend, which was in favour of HS.

Quantitative microbiology
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Table 2 Number and proportion of trial participants in each group
who failed to regain their pre-exacerbation FEV1, with relative risk
(95% CI) due to hypertonic saline use

Cystic ﬁbrosis

Change from admission to day 7

Outcome
SF36 (0–100)
Physical
General health
Vitality
CFQ (0–100)
Physical
Burden
Health
Respiratory
MST-25 (0–100)
Bacterial density (log10CFU/g)
Pseudomonas
aeruginosa
Staphylococcus aureus

Change from admission to discharge

Hypertonic
saline
(n=67)
Mean±SD

Control
(n=65)
Mean
±SD

Between-group
difference
Mean (CI)

Hypertonic
saline
(n=67)
Mean±SD

Control
(n=65)
Mean
±SD

Between-group
difference
Mean (CI)

11±18
5±12
7±15

7±13
5±13
6±12

4 (−1 to 9)
0 (−4 to 4)
2 (−3 to 6)

13±19
7±11
11±20

9±19
8±16
13±15

4 (−2 to 10)
−1 (−6 to 4)
−1 (−7 to 4)

11±16
0±14
12±19
13±19
166±138

9±14
0±14
14±17
12±16
120±210

2 (−4 to 7)
−1 (−6 to 4)
−2 (−8 to 4)
1 (−5 to 7)
46 (−19 to 110)

16±19
1±15
20±21
19±21

14±17
−1±20
18±20
21±18

3 (−4 to 9)
1 (−4 to 7)
2 (−5 to 10)
−2 (−8 to 5)

−0.8±2.2

−1.1±2.2

0.2 (−0.6 to 1.1)

−0.4±1.4

−0.8±1.6

0.4 (−0.8 to 1.6)

CFQ, Cystic Fibrosis Questionnaire; CFU, colony forming units; CFU/g, colony forming units per gram of sputum; MST-25, Modified Shuttle Test 25; SF36, Medical Outcomes Survey
Short Form 36.

Figure 5 Time to next pulmonary exacerbation requiring
hospitalisation. Hypertonic saline is presented in blue, control in black
( p=0.48). Censored cases are represented as vertical tick marks.

signiﬁcant. This may be because the result at discharge is based
on a t test, which has less statistical power than the mixedmodel analysis of the ﬁrst 10 days of data. Both mean values
exceed the 150 mL threshold used in a previous study in a
similar patient population as the between-group difference in
FEV1 that would be likely to make a change in treatment worthwhile.27 The HS group had a signiﬁcantly higher FVC than the
control group at discharge; mean difference 160 mL (CI 0 to
320). This suggests that the average impact on lung function in
this study would make the addition of HS inhalations to the
management of an exacerbation worthwhile.
A signiﬁcantly smaller proportion of participants in the HS
group failed to regain their pre-exacerbation FEV1 by discharge;
25% in the HS group and 43% in the control group. This
ﬁnding is of interest because the long-term rate of lung function
decline is minimised if pulmonary exacerbations are identiﬁed
early and treated thoroughly to achieve full restoration of preexacerbation FEV1.3 5 Furthermore, reported rates of failure to
regain pre-exacerbation FEV1 with hospitalisation range from
25% to 36%.28–31 The higher failure rate in our control group
may reﬂect the withdrawal of HS from those in the placebo
group who previously used it. However, this was not supported
by the non-signiﬁcance of the tests for interaction effects.
Another possible explanation is the greater age and disease
severity of our study cohort compared with the cohorts in the
previous studies.28–31 In either case, HS afforded a signiﬁcant
treatment advantage. Thus, for every six patients who use HS
during an admission (CI 3 to 65), one additional patient would
regain their pre-exacerbation FEV1 who would not do so
without HS. Therefore starting or continuing HS during an
exacerbation is more beneﬁcial than stopping or not starting it.
For a similar or slightly shorter length of hospital stay, participants in the HS group left hospital with greater reductions in
the severity of exacerbation symptoms, evident on a mixedmodel analysis over the ﬁrst 10 days of the admission.
Although no signiﬁcant difference in QoL was detected, the
HS group tended to have greater improvements in the physical
domain of the SF36 at day 7 and discharge. The observed trend

Dentice RL, et al. Thorax 2016;71:141–147. doi:10.1136/thoraxjnl-2014-206716
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three inhalations a day to the hospital treatment regimen, the
questionnaire domains related to treatment burden were
unchanged compared with baseline. Adherence levels were high
with only 6% of the HS group and 14% of the control group
<75% adherent to the allocated study inhalation. Very few
modiﬁcations to the trial inhalations were required and no
serious adverse events were recorded. These ﬁndings suggest
that the inhalation of HS as part of the management of an acute
exacerbation of CF lung disease is both well tolerated and feasible in clinical practice.
Both groups showed a steady improvement in lung function
throughout their hospital admission. The HS group had a signiﬁcantly higher FEV1 than the control group during the ﬁrst
10 days of the hospital admission, by 172 mL (CI 42 to 301),
which equated to 3% predicted (CI 1% to 6%). Although the
magnitude of the between-group difference in FEV1 was similar
at hospital discharge, this difference was not statistically

Thorax: first published as 10.1136/thoraxjnl-2014-206716 on 14 January 2016. Downloaded from http://thorax.bmj.com/ on August 11, 2022 by guest. Protected by copyright.

Table 3 Group mean change from hospital admission for quality of life (day 7 and discharge), exercise tolerance and sputum microbiology (day 7)

Cystic ﬁbrosis

CONCLUSION
The addition of HS to the management of a CF exacerbation
did not reduce the length of hospital stay. Regular HS inhalation
during an acute exacerbation is well tolerated, well adhered to
and feasible in clinical practice. HS has a signiﬁcant impact on
the resolution of symptoms of CF exacerbations. Inpatients were
able to be discharged with signiﬁcantly greater resolution of
several subjective and objective measures of their exacerbation
and with improved likelihood that they would regain their preexacerbation lung function by the day of discharge. Further
research is required to determine whether the beneﬁcial effects
on restoration of lung function and resolution of exacerbation
symptoms have an impact on the length of stay in other
hospitals.
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towards greater improvements in exercise tolerance in the HS
group supports this observation.
Although use of HS led to faster rates of recovery of objective
and subjective aspects of an exacerbation, and the greater likelihood of regaining pre-exacerbation FEV1, by the time of discharge from hospital, the treatment did not extend the time to
the next hospitalisation for pulmonary exacerbation, based on a
minimum of 1-year follow-up, HR=0.86 (CI 0.57 to 1.30).
One limitation of the trial is that the clinical status of the participants was not monitored after discharge. However, if there
were differences in clinical status, these were not sufﬁcient to
inﬂuence time to next hospitalisation owing to an exacerbation.
Another limitation is that tests for viral infection as a potential
initiator of the exacerbation were not conducted at baseline.
Some people may also consider that the enrolment of people
who were already using HS was a study limitation. However,
this view would be based on the assumption that HS must be
beneﬁcial during an exacerbation, perhaps based on extrapolation of the data from long-term use started when the patient is
clinically stable.11 However, as discussed in the ‘Introduction’,
before this study there was substantial equipoise regarding
whether HS should or should not be used during an exacerbation. The arguments behind this equipoise were equally relevant
to pre-existing HS users and non-users. This equipoise was reinforced during the study when objective data conﬁrmed the
potential for HS use during an exacerbation to worsen symptoms in some patients,32 reinforcing the need for the study to
allow for the possibility that withdrawal of HS during an exacerbation might be beneﬁcial. Therefore, the inclusion of people
who were already using HS was not a study limitation, but a
necessary part of the study design. Furthermore, our negative
tests for interaction effects demonstrate that it is appropriate to
pool those data of pre-existing users and non-users to conclude
that use of HS during an exacerbation has some beneﬁts, regardless of pre-existing HS use.
The use of taste masking to blind participants to their allocated inhalation was effective in this study. However in both
groups the percentage of participants who could correctly identify their allocated trial solution rose to 57% at the time of hospital discharge. Possibly, the rate of improvement in symptoms
contributed to this observation.
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